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ABSTRACT 


Results are presented from the study of the off- axis radiation field 
caused by a relativistic, mono-directional electron beam passing through 
water. Using the Naval Postgraduate school 100 MeV linear accelerator, 
off-axis radiation dose was measured with calcium fluoride thermo- 
luminescent dosimeters placed at various path lengths out to two radiation 
lengths. The off-axis dose was calculated using the electron transport code 
CYLTRAN of the integrated TIGER series of coupled electron/photon Monte 
Carlo transport codes. Calculations were performed at Los Alamos National 
Laboratory. Comparison with the results is made and CYLTRAN is found to be 
in agreement with experimentally measured values. The extension of 


experimental results in one medium (water) to another (air) appears to be 


valid. 
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1. INTRODUCTION 


Recent development of new high energy, high current accelerators has 
renewed interest in the ability to accurately predict radiation exposure in the 
vicinity of a monodirectional electron beam. In addition to personnel safety 
requirements, the areas of jalnessenn and lethality as they apply to 
charged particle beams are becoming increasingly important. The majority 
of the literature on radiation dosimetry applies to low or moderate energy 
sources. The experimental verification of the calculations as they apply to 
high energy electron beams has been sparse and comparison of several 
computational methods has been inconclusive. 

Recent experiments at the Naval Postgraduate School by P.F. Cromar 
attempted to address some of these questions by studying the off-axis 
radiation field in liquid nitrogen as a function of radiation length (Ref. 1: p.4]. 

Focused electrons of 100 MeV incident energy were delivered to insulated 
containers filled with liquid nitrogen. The measured dose was compared to 
calculations using the electron transport code CYLTRAN . Cromar’s results 
compared favorably (within a factor of 2) with the results predicted by the 
calculations. However, where comparisons could be made, Cromar’s 
results appeared to differ from an earlier calculation by R.A. Lindgren 
using the code ETRAN-16,which referred to 50 Mev electrons in air 
[Ref.1: p.39]. It is the objective of this thesis to address, through a series 


of experiments, several questions concerning the validity of calculations and 


experimental methods as they apply to high energy electron beams. Passive 
dosimetry will be used to determine: 
1) Can the computer computations accurately predict the experimental 
results? 


2) Can the results in one medium be used to predict the response in a 
second medium? 


3) Is there an energy dependence to the response? 


4) If the responses are different, what is the significance as it applies to 
the energy spectrum? 


li. BACKGROUND 


A. INTERACTION OF RADIATION WITH MATTER 

When a primary electron passes through an absorber it will only have a 
well-defined range for energies of less than a few MeV. At these low 
energies, energy loss is by ionization and excitation of the atomic electrons 
in the atoms of the absorber[Ref.2: p.508]. The energy loss of electrons due 


to ionization is given by [Ref.3: p.38): 


des ot re a eal 
: =) : 08) jog 2met -= jog (1-977 Linge 
Ta 3 ion mcm I & : S Hite 
where e=charge onthe electron (cgs) 
n= electron density 


m= mass of electron 


c = speed of light 
| = jonization potential 
B = ratio of electron velocity toc 


As the electron energy increases, radiative energy loss becomes more 


important than ionization. This energy loss is given by [Ref. 3: p.68): 
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where fp = classical radius of the electron 


= Planck's constant 


Z = atomic number 


y = frequency of the highest energy 
photon produced 


The energy loss by radiation, called bremsstrahlung, is proportional to 
22 of the material and increases linearly with the electrons energy, whereas 
losses due to ionization and excitation are only proportional to Z. Thus the 


radiation loss predominates at the higher energies. The approximate ratio 


of the two losses is [Ref.3: p.64] 
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If, in a given material, the incident energy is much larger than the 
critical energy, then radiation loss predominates over ionization loss and can 


be considered to be the only significant loss mechanism [Ref.3: p.72]. 


When electrons of high initial energy pass through matter, they lose 
their energy mainly by emitting bremsstrahlung photons. These high-energy 
photons, or gamma rays, in turn lose their energy mainly by the electron 
pair-production process. By a series of similar interactions and a 
succession of these simple elementary processes, a multiplication process 
comes about. An avalanche of electrons and photons develops and is referred 
to as cascade shower or electron-photon cascade. [Ref.4: p.91][Ref.5: p.221] 

The energy of the primary electron is divided among the cascade 
particles, their sum equaling the primary energy except for the amount lost 
due to ionization. A rapid multiplication of shower particles results with the 


number of particles growing exponetially as long as their energies exceed the 
critical energy, E,.. As the number of particles reaches a maximum value 
and the energy per particle is smaller, the ionization losses become more 
important than the bremsstrahlung losses. Multiplication of shower 
particles ceases and as energy is spent in ionization and excitation processes 
the number of particles decreases. [Ref.4:pp. 92-93] 

The maximum number of shower particles amounts to: 
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This maximum is observed at an absorber depth of: 


with t,4, being measured in radiation lengths. [Ref.4: p.93] 


Photon production by bremsstrahlung and their angular distribution is 
largely a statistical process. The spectrum of energies produced by an 
electron beam will be broad and the percentage of energy transferred to any 
given photon following an interaction will follow a probability distribution 
function determined by the energy of the incident electron and the atomic 
number of the material. The result is that many secondary electrons which 
are emitted cause further ionization and excitation, and may penetrate far 
beyond the range of the primary electrons [{Ref.2: p.509]. The precise 
mathematical development of showers is complicated and can contain large 
fluctuations from the average behavior. In practice, it becomes necessary 
to use Monte Carlo techniques to calculate the shower induced dose. 

The difficulty in separating the effects of the primary and secondary 


electrons makes range an inappropriate measure of electron absorption 
above a few MeV energy [Ref.2: p.509.]. The concept of radiation length, Xp, 


is useful inthe interpretation of this energy-loss phenomena and is defined by 


Fenyves and Haiman (Ref.4: p.25] as: 
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Radiation length can be visualized as the distance in which the electron 





energy is reduced to !/e of its initial value and is independent of electron 


energy. In practice it is more convenient to express the quantity in units of 
gm/cm* (Table 1) in which the calculated values form a smooth curve as a 
function of Z. (Ref.2: pp. 510-512] 

TABLE 1 


VALUES OF RADIATION LENGTH FOR VARIOUS SUBSTANCES 


Substance Z A Radiation lengths Critical energy 
(gm/cm2) (cm) (Mev) 

Carbon 6 12 44.6 S050 102 

Nitrogen 7 14 59.4 Soa7 

Air 730 14.78 37.7 31.0 x10° 84.2 

Water nee 194.3 Sl BY, | Sons 

Oxygen 8 16 Son) Ti 





Previous experiments dealing with the experimental verification of 
calculations as they apply to high energy particle beams raised several 
issues. Direct comparisons between experiments and calcualtions have been 
difficult due to differing experimental geometries, varying incident energies, 
and multiple computational computer codes. This experiment will address 


some of these issues. 


A. EXPERIMENTAL GEOMETRY 

The recent experiments by P.F. Cromar (Ref. 1] were conducted in an 
insulated container filled with liquid nitrogen. The use of liquid nitrogen as 
the test medium precluded the immersion of the dosimeters in the 
environmental matrix. The dosimeters were placed in air onthe exterior of a 
one inch thick hard foam container. Ideally, direct comparison with 
calculation should be done with the dosimeters placed inside the test medium 
so that the side and back scatter contributions are the same for experiment 
and calculations. 

oeparate tanks were required for measurements at different distances 
from the beam entrance. As a result, several independent runs were 
necessary to compile the data at all distances. If the dosimeters could be 


placed directly in the test medium all measurements could be done 


simultaneously to minimize experimental beam condition variability. For this 
experiment, thermoluminescent dosimeters were sealed in plastic and placed 


directly in water. 


B. ENERGY DEPENDENCE 
The experiment by Cromar was conducted at a single energy of 100 MeV. 
This is roughly the critical energy of liquid nitrogen where there is equal 
contribution from bremsstrauhlung and ionization to the energy loss 
mechanism. The contributions to energy deposition are different from that 
for energy loss. It is possible that the continuous slowing down 
approximation in the computational code may not be adequate at all energies. 
Experiments were conducted at 100 MeV and 20 MeV. The experimental 
results from the 20 MeV run were not returned for inclusion is this paper, but 


results of other published results at varying energies are discussed. 


C. COMPUTATION 

It is not clear from the published data and the calculations of Cromar that 
all versions of the electron transport codes produce the same computational 
results. The apparent disagreement between ETRAN-16 and CYLTRAN needs to 
be investigated. In translating the calculated dose in liquid nitrogen to that 
which might be observed in air, a single geometrical extrapolation was used. 
This may not be adequate as multip'e scattering angles and radiation lengths 


in the beam axis and the perpendicular direction interplay. 


In this experiment, the results of the two-dimensional CYLTRAN code for 
the energy deposition in water have been converted to a one-dimensional 
geometry and compared with the published results for ETRAN. In addition, 
CYLTRAN results for water and liquid nitrogen are scaled and compared to 


the CYLTRAN predictions for air. 


D. DOSIMETRY 


CaF. dosimeters have a non-linear response as a function of photon 


energy below 200 keV as shown in Figure 3.1. 
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Froure 3.1 Calculated Response of CaF. and LiF 


Should the radiation field in the vicinity of the electron beam result in a 
large fraction of the deposited energy being due to lower energy photons, 


then the dose measured could be in serious error. The dosimeters have been 
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calibrated with respect to a 9°Co source. The spectrum due to a line electron 
source is not identical to that from ©°co. 

Dosimeters of CaF. and LiF were placed in symmetrical positons for a 
direct comparison of the measured dose. This portion of the experiment 


remains incomplete as the results for the LiF dosimeters were not returned 


due to a faulty set of calibration curves at the reading facility. 





IV. CALCULATIONS 


A. DESCRIPTION 

The calculations of electron/photon showers were performed using the 
computer program CYLTRAN of the Integrated TIGER Series of Transport 
Codes(Ref. 6]. The purpose of the BC Uration was to determine the off-axis 
dose resulting from discharging a monodirectional beam of electrons into 
several different media. 

The cylindrical geometry of the computer code CYLTRAN is well suited for 
the desired output. A 0.8 cm diameter electron beam of 20,000 particles 
was incident normal to targets of water, air, and liguid nitrogen. Each 
target, as indicated in Figure 4.1, was divided into zones with energy 
deposition being recorded at distances that corresponded to 0.0, 0.25, 0.50, 
1.0, 1.5, and 2.0 radiation lengths in each medium. At each distance, ten 
concentric sub-zones, Figure 4.2, were created to measure the off-axis 
energy deposition. Zone thickness was kept thin to provide semi-discrete 
data points at specific distances of penetration into the medium. However, 
sufficient thickness was necessary to allow for the finite track segments used 
in the computer calculations and to provide for statistical validity of the 
fesuits. 

The output of the code included the target material, zone or sub-zone 
location and mass, energy deposited by primary and knock-on electrons, 


energy deposited by photons, and the total energy deposited within each 
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Figure 4.1 CYLTRAN Geometry 
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Figure 4.2 CYLTRAN Sub-Zones for Water 
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sub-zone. The simulation was run inten batches of 2000 particles each with 
Statistical values being computed after each batch. Each value of energy 
deposition is followed by a two digit number that represents the one-sigma 
uncertainty that results from the Monte-Carlo routine, with low numbers 
indicating narrow bounds of uncertainty. 

At distances well within the targets the statistical uncertainties grew due 
to the fewer number of particles with sufficient energy to penetrate to these 
zones. Decreasing the statistical uncertainties can be accomplished by 
increasing the number of incident particles, however the relationship 
between numbers of particles and uncertainties is not linear. Each 
simulation run of 20,000 particles used about twenty minutes of Cental 
Processor Unit time onthe Cray computers at Los Alamos. Increasing the 
number of particles to 45,000 would have reduced the uncertainty by only 
about ten percent but would have increased the.CPU time by a factor of two. 

Since the primary purpose of the computer simulations was to provide 
immediate comparisons with the experimental results, no attempt was made 
to fully optimize the numerical calculations. When reasonable, all default 
values within the codes were used. This led to track segments that were 
larger than ideal at the higher energies near the entrance, while the track 
segments were too small for the less energetic particles well within the 
target. It is believed that for the comparisons desired, the integration of 
the large number of incident particles is adequate to provide meaningful 


results inspite of the less than optimum analysis. 
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Appendix A contains a description of CYLTRAN and sample input data 
streams for the generation of the cross-sections (Table Al) and the 
execution of the program (Table A2). The CYLTRAN output of the energy 
deposition normalized to one incident particle for 100 MeV electrons in water, 
air, liquid nitrogen, and 20 MeV electrons in water is contained in Tables 


A3-A25. 


pee REOULTS 

The total energy deposited in each sub-zone was converted to 
Rads/Coulomb for comparison with the experimental results. The normalized 
dose due to 100 MeV electrons for each sub-zone in water is contained in 
Table B!] of Appendix B. The resultant graphs of the off-axis dose for each 
penetration depth are given in Figures BI through B7. Appendix's C, D, and£& 
contain similar results for the 100 MeV electrons in air and liquid nitrogen, 
and the 20 MeV electrons in water. 

The curves drawn on the graphs are not intended to necessarily be the 
mathematically best fit approximation for the data although in most cases the 
difference is minimal. Instead, the curves were generated using the 
exponential and polynomial equations of Appendix F, in order to construct the 
three dimensional half-axis surface plots of Figures 4.3 through 4.6 and the 
contour, or isodose, curves of Figures 4.7 through 4.10. The vertical 
error bars result from the indicated one-sigma errors generated by 


CYLTRAN. The plots have been smoothed only in the off-axis direction. 


Zi 


Smoothing parallel to the beam axis would have involved a good deal of 
numerical experimentation and iteration and would not have added any 
meaingful interpretation to the results. In spite of the modest smoothing, 
the relatively small number of data points resulted in the rough surface plots 
of Figures 4.7 through 4.10 and it is felt that no additional smoothing could be 


justified based on these few points. 
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V. EXPERIMENTS 


A. DISCUSSION 

All experimental measurements were conducted at the Naval 
Postgraduate School Accelerator Lab using the 100 MeV linear electron 
accelerator. A rectangular sentainen (100 x 46 x 38 cm® ) of 4 mm 
polyethylene plastic was used to contain the experimental matrix. This 
allowed for a usable test area of 10 cm on either side of the central axis with 
a minimum of 9 cm of water beyond this to provide a uniform scattering 
medium without side effects. The length of the tank allowed measurements 
out to two radiation lengths in water. 

Calcium fluoride thermoluminescent dosimeters (TLDs) were provided by 
Naval Surface Weapons Center.- The TLDs were wrapped in a single layer of | 
mil aluminum and were enclosed in a thin plastic film to prevent moisture 
from contaminating the crystals. The TLDs were mounted to soft wood 
Stretchers at intervals indicated in Figure 5.1 and Figure 5.2. Wood contains 
hydrogen and carbon and is similar to water in atomic properties. Pairs of 
TLDs (one CaF2 and one LiF) were mounted in symmetric positions. The TLDs 
were generally located at one centimeter spacing, but alternating between 
Sides of the central axis, i.e. 1,3,5 cm right and 2,4,6 cm left . This 
served to reduce interference between adjacent dosimeters and was intended 
to provide a means of interpreting the results in case of a slightly off-axis 


beam or drifting of the stretcher from centerline. TLD positions were known 


5] 


(H.0) 
TLD Posttions 





po ee Oued Lene iaamae A A D D 
74.0 cm = 3 r : 
LD Rad length A era a D D 
S5-5:0m 5 = =r ‘i ‘" 
1.0 Rad Lenath 4 A (pi Olean D 
SiC in) leone ee gine - 5 pata is re 
A A A A A 0D Beame 
18 Sem {...0.5.Redtength boooo f+ Aaa S 
. A A A A Ai eee 
92cm L...2. 22 Rad Length DO. DS e0mnlleAnAeee 
0.0 Rad Length A A ‘s a 
OG Oem bc. GiGi eee = = A ji 
Ov 
>< I 10 8 6 4 2? 2 4 6 8 10 
< (cm) 
< 
haded 
ee 
A eee CaF 


Figure 5.1 TLD Positioning Within Test Tank for 100 Mev Run 
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Figure $5.2 Test Tank Dimensions and TLO Positioning 


SS) 


{ 


to within 0.5 cm on the stretcher while the athekGhen position was known to 
within one centimeter. 

Pulsed beams of 100 MeV and 20 MeV electrons were normally incident on 
the target at a repetition rate of 60 Hz. The beam passed through a vacuum 
test chamber which was sealed with a five mil aluminum window and then 
through 25 cm of air prior to entering the test tank. 

The total charge delivered was monitored by a Secondary Emission 
Monitor (SEM). A vibrating reed electrometer coupled with a one 
micro-farad capacitor was used to determine the charge delivered to the 
SEM. With an SEM efficiency of .028, the total charge delivered to the matrix 
could be determined. Due to uncertainties in this efficiency factor, it is 
estimated the total charge delivered can only be determined to within five 
percent. Electron energy was controlled by the use of a magnetic deflection 
system and is considered to be sufficiently stable that any fluctuations would 
not be noticable within the limits of this experiment. 

Phosphor screens were placed at both ends of the tank on the central axis 
to align the beam. The TLDS were removed and the beam was passed through 
the empty tank. By remotely observing the phosphor screens, an attempt 
was made to make the beam as parallel as possible while within the tank. 
The beam diameter entering the tank averaged 0.5 cm as indicated by the 
phosphor screens, while beam divergence caused the exiting diameter to 


approach 2.0cm. 
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Once alignment and focussing were completed the phosphor screens were 
removed, I[LDs installed, and the tank filled with water. To prevent 
saturation of the TLDs close to the beam axis and yet still provide a 
meaningful dose on the distant TLDs, three irradiation segments were 
conducted for each run. Based on estimated dose calculations, selected 
TLDs were removed after each segment to prevent overexposure. 
Normalization of the data to Rads per Coulomb delivered will account for the 


different exposure times. 


Bee SULTS 

The TLDs were mailed to the Naval Surface Weapons Center, White Oak, 
Maryland for reading. The results of the TLD readings were reported in Rads 
and using the recorded charge delivered to each TLD, ‘the readings were 
normalized to Rads per Coulomb. For the 100 MeV experiment a faulty set of 
calibration curves prevented proper reading. of the LiF dosimeters and these 


results were not returned. 
The normalized dose from the CaF. dosimeters is contained in Table Gj of 


Appendix G. Figures 5.3 through 5.8 are plots of the normalized off-axis 
Geese at each length within the water. The vertical error bars are drawn 
based on a ten percent error in the normalized dose . The horizontal error 
bars are the result of the uncertainty in the TLD position on the stretcher 
(40.5 cm), the strecher iocation with respect to the central axis of the test 


tank(+ 1.0 cm), and the skewness of the beam with respect the center line of 


@ 


ite 


the tank (42.0 degrees). The curves drawn on the figures are the 
semi-smoothed results from the CYLTRAN calculations and are included for 
comparison. 

The objective of the experiment was to provide quick but meaningful 
results for comparison with the calculations. As a result, the experimental 
apparatus was kept simple and straight forward. As a consequence, the 
cumulative errors at the extreme distances result in horizontal error bars 
that encompass a large portion of the horizontal axis. However, by placing 
sequential TLDs on alternate sides of the central axis, some simple yet 
justified and reasonable corrections can be applied to the data in order to 
present the true picture. 

Figure 5.3 shows how the true off-axis position of the TLDs varies with 
the degree of skewness in the beam. Since alternate alternate TLDS were 
placed on alternate sides of the matrix x-axis, this skewness results in a 
displacement of the true off-axis distance measured from the centerline of 
the beam. 

Table G2 of Appendix G contains a set of corrected positions for the TLDs 
based on varying degrees of skewness for the beam. A misalignment of only 
two degrees from parallel results in an error of the off-axis position of 2.58 
cm at the furthest distance for which data was recorded. Figures 5.9 
through 5.12 present the results if a uniform correction of 1.7 degrees is 
applied to all the data points. At the inner distances the uncertainty in the 


position of the stretcher is greater than the correction of the beam skewness 
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Figure 5.3: Effect of Beam Skewness on Off-axis Zero Point 
and the effect of applying the skew correction is not as visable. In all 
cases, the data generally alternates between high and low points of the 
calculated curves, in relation to being on the right side or the left side of the 


central axis. 
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Vi. CONCLUSIONS 


A. COMPARISON OF COMPUTER CALCULATIONS AND EXPERIMENTAL RESULTS 

Within the limits of this experiment, there is good agreement between the 
measured and calculated normalized dose due to 100 MeV electrons in water. 
The experimental results at 0.0 cm and 9.2 cm were significantly higher than 
predicted. The TLDs at 0.0 cm were intended to measure the dose as a result 
of backscattering. However, the entrance to the test tank was not shielded 
and it is probable that these front TLDs were measuring a significant amount 
of radiation scattered from the aluminum window covering the exit of the 
vacuum chamber. 

The results could be greatly improved with a few simple modifications to 
the TLD matrix. Alternating consecutive TLDs from one side of the central 
axis to the other showed that the beam was not directly on that axis. To adjust 
for this discrepancy it was necessary to try several iterative corrections of 
beam angle to bring the data back in line. If two TLDs had been placed at 
symmetrical positions on either side of the central axis, the two readings 
could be compared , providing a means of calibrating the off-axis positions of 
the TLDs with respect to the true beam position. In addition, use of a rigid 
frame to support the TLDs instead of the floating strechers that were used, 


‘Would allow for much more accurate positioning of the entire array. 
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B. EXTENSIONS OF THE PREDICTIONS FROM ONE MEDIUM TO ANOTHER 

The results were recorded at distances which correspond to fractions of 
the radiation length in the given medium. To extend the results from one 
medium to another, it is necessary to account for the change in size and mass 
of the detector as the radiation length varies [Ref.1: p.34]. If a detector 
subtends the same solid angle and is located at an equivalent distance when 
measured in radiation lengths, the same energy should be deposited in the 


detector. 
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Figure 6.1 Ratio of the areas of two detectors 


As shown if Figure 6.1, the new detector has an area and hence, amass, 
that is larger by a factor of the square of the ratios of the distance to the 
detector. Since dose is related to the mass of the detector, 

1 Rad = 100 ergs / gm 


the dose at the new detector will be decreased by the same ratio. Water has 
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a radiation length of 37.0 cm and air has a radiation length of 307 meters, so 
for this experiment the ratio is: 
f 2 ‘ f 37 \ 


LR} = (aa = 1.45x10" 


2 
, 


Table 6.1 contains values of the dose in air predicted from the dose in 
water compared to the dose in air predicted by CYLTRAN. At the near 
distances, the results vary by about thirty percent, but this is largely due to 
the high one-sigma errors of the data at these distances. At one radiation 
length and above, the statistical errors in the initial data are much smaller 
and the resulting scaled dose is within ten percent of the dose in air predicted 
by CYLTRAN. Figure 6.2 through 6.6 present curves of the dose in water 
scaled to air, the dose in liquid nitrogen scaled to air, and the dose in air as 
predicted by CYLTRAN. 

The critical energy for water, air, and liquid nitrogen are contained in 
Table 1. Since the experiment and the calculations were conducted at 100 
MeV, close to the critical energies of the three media, the concept of 
radiation length is somewhat nebulous. Water with solid angle effects can be 
scaled to air with consistent results because they have similar Z. It is 
unlikely the results in water would scale to lead, for instance. At lower 
energies, a better length parameter is the range in gm/cm?. Figure 6.7 and 
Figure 6.8 contain the off-axis dose in water. Figure 6.9 and Figure 6.10 


contain the results in liquid nitrogen. 
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C. COMPARISONS WITH OTHER PAPERS 

In his CYLTRAN predictions for liquid nitrogen, Cromar included a 0.2 cm 
layer of silicon in the geometry for the energy deposition [REF.1]. This 
special geometry required individual CYLTRAN runs for each distinct length 
used in the experiment, requiring a great deal of redundant calculations by 
the computer. To avoid this, the calulations in this paper were all done ina 
Single run for each different medium. The energy deposition was recorded in 
sub-zones of the medium instead of silicon. To ensure the validity of this 
approach, the off-axis dose in liquid nitrogen predicted by this method is 
compared to the experimental results reported by Cromar. Figures 6.11 
through 6.13 contain the two sets of data and in general show good agreement 
between the predicted and observed results. 

Cromar’s results were also compared to those reported by R.A Lindgren 
[Ref.7] which looked at the energy depositon in air due to 50 MeV electrons 
using the computer code ETRAN. The differences between the normalized 
doses were significant but several different assumptions were made in the 
two studies and the difference in the incident energy makes a direct 
comparison difficult. 

An additional study of electron transport at energies up to 1000 MeV has 
been reported by S.M. Seltzer and M.J. Berger [Ref.8]. In their study, the 
computer code ETRAN was used. Since the TIGER series of codes all draw from 
the same source for the Monte-Carlo calculations the results shoud be the 


Same as those presented in this paper generated from the CYLTRAN code. 
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Figure 6.14 shows the CYLTRAN data plotted with the ETRAN data at incident 
energies of 60 MeV and 125 MeV. The ETRAN curves were derived from 
replicate data of Ref. 8 and plotted at the midpoints of the histogram bins. 
ETRAN is a one-dimensional code and for comparison it was necessary to sum 
the ten radial sub-zones used by CYLTRAN to obtain a single value of energy 
deposition at a given penetration depth. The CYLTRAN zones were only 

0.2 g/cm? in thickness so an additional factor of five was included to 
normalize the results to a unit depth. Figure 6.14 shows that once the 
geometries are equalized, there is no significant differences between the two 


computer codes. 


D. ENERGY DEPENDENCE OF THE RESPONSE 

An additional experimental run was conducted at 20 MeV incident energy 
however the results were not returned for inclusion in this paper. For future 
work, it is recommended that the Naval Postgrtaduate School purchase or 
obtain the use of its own TLD reader and a supply of reusable TLDs. This 
experiment alone used 80 TLDs at each energy. This was was considered the 
minimum necessary to obtain quick, but meaningful results. For a detailed 
Study, the number of TLDs could easily run into the hundreds. Having to 
depend ona third party to process this number of TLDs is time consuming and 
imposses a huge burden of the processing facility. It would greatly facilitate 


the studies if the TLDs could be processed at the test facility. 
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E. SUMMARY 

The results presented indicate that the CYLTRAN computer computations 
do accurately predict the experimental results. There does not appear to be 
any discreapncy between the one-dimensional computer code ETRAN and the 
two-dimensional computer code CYLTRAN. For materials of similar 2, the 
extension of experimental results in one medium to another appears to be 


valid. 
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APPENDIX A 


DESCRIPTION OF CYLTRAN AND QUTPUT 


The computer code CYLTRAN ts a member of the Integrated TIGER Series of 
Coupled Electron/Photon Monte Carlo Transport Codes developed at Sandia 
Nationa] Laboratories by J.A. Halbleib and W.H. Vandevender. CYLTRAN 
employs a fully three-dimensional description of particle trajectories within 
an axisymmetric cylindrical material geometry and finds application in 
problems involving electron and photon beam sources. [Ref.6: p.6] 

CYLTRAN is based primarily on the ETRAN model which combines 
microscopic photon transport with a macroscopic random walk for electron 
transport. The code describes the generation and transport of the 
electron/photon shower from the incident energy down to a specified cut-off 
energy for photons and electrons. The code can handle up to ten different 
materials, with the only requirement being that the material geometry be 
cylindrically symmetric.[(Ref.6: p. 70] 

The user may specify incident particles to be either electrons or photons 
which may be considered mono-energetic or have a specified energy 
Spectrum. The source reference direction can be monodirectional, 


isotropic, or have a specified divergence angle. 
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The default output of CYLTRAN consists of: 


a) 


b) 
€) 


Energy and number escape fractions (leakage) for electrons, 
unscattered photons and scattered photons. 


Charge and energy deposition profiles. 


An explicit statement of energy conservation. 


In addition to the default output, a number of optional outputs may be 


selected through the use of the appropriate keywords. These are: 


a) 


Escape fractions that are differantial in energy for both electrons 
and scattered photons. 


b) Escape fractions that are differential in angle for both electrons and 


Cc) 


d) 


e ) 


scattered photons. 


Coupled energy and angular distributions of escaping electrons and 
scattered photons. 


Volume-averaged energy distributions of electron and photon scalar 
fluxes for selected regions of the problem geometry. 


Psuedo-pulse-height distributions for selected regions of the 
problem geonetry-- for example, those regions corresponding to 
active detector elements. [Ref.6: pp. 19, 34] 


Two basic steps are required for solving any given problem: 


a) 


b) 


Generate the cross sections by running the cross section code. 


Run the Monte Carlo code. 


Table Al is a sample input used for the generations of cross-sections of 


water, 


standard air (80% nitogen, 20% oxygen), liquid nitrogen, and silicon. 


Table A2 is a sample input for the proper execution of CYLTRAN once the 


cross-sections have been generated. CYLTRAN output for runs of 20,000 


incident electron in water, air, and liquid nitrogen is include in Tables A3 


thru Table A25. 


A 


Own hWAR — 


TABLE Al 
SAMPLE INPUT FOR THE GENERATION OF CROSS SECTIONS 


MATERIAL A I iipO CSS DENS wed 

MATERIAL N .80 0 .20 GAS DENSITY .001226 
MATERIAL N DENSITY 0.81 

MATERIAL SI 

TITLE 100 Me¥ CROSS SECTIONS FOR H20 AIRN SI 
ENERGY 100.0 


TABLE A2 
SAMPLE INPUT FOR THE EXECUTION OF CYLTRAN 


ECHO | 
ULE 
... 100 MeY ENERGY DEPOSITION IN WATER 
SOOKE SOURCE KKK KKK KEK 
ENERGY 100.0 : 
* DEFAULT SOURCE PHASE SPACE PARAMETERS 
POSITION 0.00.00 0.0 
RADIUS 0.4 
* MONODIRECTIONAL Z-AXIS 
DIRECTION 0.0 0.00.0 
KOK KOK KKK KKK KKK KKKKKKKOPT [ONS KK KKK KKK KKK KKK KKK KKKKKKKKK 
HISTORIES 20000 
BATCHES 10 
GRIOFFS 0.05 0. 0Gh 
DUMP 
OOO aK OUTPUT OPT IONS 8% RRR ROK Ok 
ELECTRON-ESCAPE 


NBINE 2 

NBINT 4 

PHOTON-ESCAPE 

NBINE 2 

NBINT 4 

BeECTRON-FEUX 1 10 

NBINE 2 

PHOTON -FLUX 1 10 

NBINE 2 

CORO amOOrK GF OME T RY OOOO IOI OK 
GEOMETRY 11 

*ZL ZR R| RO enim 6 ONC CC ECUT)—OUOPTCZ 
foe Oem 0.0 10.0 | 1 | 10 
Wee 9.c@ 0.0 10:0 | 

wee. 9.48 0.0 10.0 im i ft “lO 
eee 1G. 5 80.0 1050 | 

foro 18.7 7 0.0816.0 If 1 @ 40 
Re./ 37.0 0.07 10.0 | 

pm 37.2 0.0 610.0 «FC CUE CTC 
Pyec 00.9 0.0 10.0 1 

mre o>./ 0.0 10.0 |, 1 1 10 
Bee? 74.0 0.0 10.0 | 
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APPENDIX F 


EQUATIONS USED FOR CURVE FITTING 


TABLE Fl =: 100 MEV ELECTRONS IN WATER 


0.0 cm 
Ono aral15 y=l.71 xlolS 9 ll. 49x 
1.5¢x < 10 y=7.516 x 109 e0. 1061x 
9.2cm 
Oe va Tas y=2.59 xIo!! e735. 022x 
Ween & 255 yel.211 x 1ol! a2. 515x 
25h a SOS y=7.514 x 109 e~!.405x 
oye xX 645 vineson x 02 e 0. 9046x 
6.54 x< 7.5 y=8.291 x10? 9 0.4732x 
7.5¢x<« 10 y=5.1014 x 10° Pele Os: 
fee CM 
O55 eS 1.5 y=2.6675 x10!9 = ¢70.7588x 
OM XeGra y=4.8532 x 1910 e |. ISoex 
2.5¢xX< 3.5 y=6.6444 x 19!0 e |. 1552x 
ee ee). S y=4.4876 x10! = 97 1. 1488x 
A555 y=6.7422 x10!0 = 7 1.2593x 
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0.5< x < 10 y=2.074 x 108 g 9.282x 
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TABLE F2 : 100 MEV ELECTRONS IN AIR 
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TABLE F3: 100 MeV Electrons in Liquid Nitrogen 
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TABLE F4: 20 MeV Electrons in Water 
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APPENDIX G 


EXPERIMENTAL RESULTS 


Table Gl contains the results of the 100 MeV experimental run. The 
uncertainties involved include the TLD position onthe stretcher (+ 0.5 cm), 
the strecher location with respect to the central axis of the test tank (+ 1.0 
cm), and the skewness of the beam with respect the center line of the tank 
(+2.0 degrees). Uncertainty in the charge delivered is five percent and 


uncertainty in the normalized dose is ten percent. 
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TABLE G1 


Experimental Run #1: 100 Mev Electrons in Water 


Test day - 28 JUNE 1985 

Test Medium — Water 

Beam Diameter - 0.5 cm 

(0.4 cm above the horizontal axis) 
SEM Efficiency - 0.028 

Candeieo ts 1x10 Farad 

TLD Type - CaF. 


HED Z= axis x-axis Rads Coulomb Rads/Coul 

Number (cm) (cm) 
0.0 230 50-0702 | .OSE=665 3.46E+07 
2 0.0 4.0 boscolo 1 0SE=06 |. SFE FOr 
5 0.0 650 64.0929 1 {SOE SG5 4,7\EtOGe 
4 0.0 8.0 49.6843 iO OE - 0D 5. OSETGS 
> OiaZ leo 2348.76 IZ 0SE=05 2.28E+09 
6 9.2 Za 6sile7 56 [2055506 6. ISEROs 
ei 9.2 S20 oat |}.0SE506 |. 7BEFOs 
8 9.2 4.0 78.6993 | ,0SE=06 7.64E+07 
9g 9.2 0 42.9735 | 20SE=06 4.17E+07 
10 9.2 6,0 22.6433 L2O0SE=05 2.20Et0@ 
11 9.2 70 18.3424 1. 03E=06 |. BESO 
4 9.2 ea0 111.069 ree'.o S10)5 8.17E+06 
iS G2 9.0 A ens oe 12 S6B=05 8. 18E+06 


1 4Q 


TABLE G1 (cont'd) 


TLD Z—- axis x-axis Rads Coulomb Rads/Coul 
Number (cm) (cm) 
14 18.5 120 J) 2 cetera, P205e500 1. ISE+10 
LS eis) CO) 4085.73 12052506 3.97E+09 
16 VS.0 50 2407.99 TAOSE-06 2. 34E+09 
| % 18.5 4.0 516.688 POSES SOZETOS 
18 ees 300 297 20 iPOSEz0o 2.89E+08 
19 Loe B20 97.8459 | Osi 0/6) oO D0E+07 
20 oes) (ee. 453.528 | 60) ae Os Sook 0/ 
2 1 lis) cao 340.428 le Seesus Eo Gees ORs 
EZ ota) 9.0 194.366 | Sele US 1.43E+07 
23 Fis pe) WOnO lao. 074 |. s0e705 |. ISB 4O7 
24 S750 28, 252.15 1ZOSE—05 ie SE709 
ae S70 2.0 1783.29 i70se= 06 1. 73E+09 
26 3730 4.0 3612.04 PS casi) 2.66E+08 
adh $770 6.0 9309.53 ie SbE-O) 3.90E+08 
28 57/30 SO 4737.13 1 .02E-04 4 .64E+07 
29 S70 10.0 7204.42 1 .02E-04 POSE +O/ 
50 Sons 1.0 9743.79 POOE m0 )O 4. 22eanOe 
S| See 220 1189.37 [2506-05 8. 7 5E cur 
SZ S00 4.0 153599) 7 ].02E-04 i270 BeOS 
55 51.5 620 3039.64 1.02E-04 2.98E+07 
34 2) oe?) 8.0 4717.41 1.02E-04 4.62E+07 
SD D5 ..0 10.0 1047205 1.02E-04 1, 0SE+87 
36 74.0 2-0 COZS ao pole | deal Os. | .93E+08 
S7 74.0 4.0 2625.03 1.02E-04 225 (E OY 
38 74.0 60 7757.14 1, OZE=04 7. OveeU? 
39 74.0 S20) 1181.88 1.02E-04 Wwe 1OE+O7 


14] 


INITIAL DISTRIBUTION LIST 


Defence Technical Information Center 
Cameron Station 
Alexandria, Virginia 22304-6145 


Library, Code 0142 
Naval Postgraduate School 
Monterey, California 93943- 5100 


Professor F.R. Buskirk, Code 61 Bs 
Department of Physics 

Naval Postgraduate School 
Monterey, California 93943-5100 


Xavier Maruyama, Rm. B108, Bidg 2495 
Center fo Radiation Research 

National Bureau of Standards 
Gaithersburg, Maryland 20899 


Professor J.R. Neighbors, Code 61 Nb 
Department of Physics 

Naval Postgraduate School 

Monterey, California 95943-5100 


Mr. Donald Snyder, Code 61 Ds 
Department of Physics 

Naval Postgraduate School 
Monterey, California 93943-5100 


Joe Mack 

Code M-4 

los Alamos National Laboratory 
Los Alamos, New Mexico 87545 


Gene Nolting 

Naval Surface Weapons Center 
Code H23 

White Oak, Maryland 20810 


142 


No. Copies 
2 


Ms. Louise Miles 

Naval Surface Weapons Center 
Code H23 

White Oak, Maryland 20810 


Dr. Ken Struve 

P.O. Box 808 

Lawrence Livermore National Laboratory 
Livermore, California 94550 


Dr. R.A. Lindgren 

Department of Physics 
University of Massachussets 
Amherst, Massachussets 01033 


the D a luz Odumck 


647 Tewkesbury Ln 
Severna Park, Maryland 21146 


143 














— oS 
Thesis 
F4837 Pitzpatrick 
eal Study of off-axis 


radiation exposure 
from relativistic 
electrons traversing 
through matter. 































































° 
s 
- . 
° ° < ’ 
= £ dl 
ae ' = 
. ce ] - 
4d eo é ’ —- = 
ove . = : = 
- ° ji » . 7 
hs oe - Pais o o # "= # 
- = = e > _ - e 
~ * - =” = . “° y e e@ ed - 
cms ~ « e “ 
mre * . s Lad A 
bd ee were ° ’ ~ aa ~* - 
o a s a ee ~ ° Sf o ad 
~~ o~* ge 2 - - = aoe 
e - ¢ aa Ul ° o= 0 ee - 
e ow . - ‘3 
« ” » ° es s os 7 ~ ° : - ° 
gs - ~™ > et “ ” a = ® an ad ad 
ad aoe ad - e-” 
- me oft ” aye Ate Met ’ rT ° . od g me - 2 
* ee “wt “ Py = * F ad =? - a -— . a - ng OA - 
= ° eo f8 . . ie wt. « dhs od ° - - + - a 
. - ° m = = e = . ° e- = = 
“ - = way ~. - » Ed o ” . ° ° io 92 *o ° 
« “a. © ~ + ro my P Py 2 io - « e : - ° a 
ome ees we oem” . * ge :. . ceo retas owterr 2° . » on ; . 
bs © = - - - owe = ° * ° A 
“~ Tames = yee & » oo GNF . - “ s - ” - had = ° 
> a . om? «5% eA a =a : - " == - ane - ong = 
° - ote um ~ © as . = ball ad e a - o- @ Pe a dd ° sd 
ae fey = . . -e ee sto MF on" . e * 9 ee . - om « 
a m “ ~— = 2 wale ® é --¥ ra o ‘ » - -* ps - « 
“ - « ee) te ~ * Fe J ’ = ad =. 
Pe Be eee ~ atin © # ~~ i Sapte ay) « Pe A , “ , > e jae O° wee an a, -* 
.- aye © . ¢— foto nme ee = r a . ae s P p 5 se os . as A - as - _- . 
mute ms - - ao = » tod . ef ’ ete - - i ~ «gta Huttet ae = 2 
-.%% to ae = ve . we a ’ # - * oo . os en  pepmeay OM a lng = se 
ye = ae x " I af 6 p aa o r a — ae - e * o- * c- oe oO oR me a 
= om a =? a= ane — 4 + ~ Pa - Pe tad . ie we ~ -_ 4 -— — ~ 
~ a. . 2 oy envew eer OO ee pl x at " “ ; — on - e' Po aoe aa ey o - a . ee ~ 
= &pfeeew up tg (hat A ae = . ~ Sor : « “ s . - a ao a * yy ” ~ o OP tale - 
noe * ° - eter wWigtee Swen - . . v) y 4 ~ je» ¢ - * - - ~ . wf on ae te - - = 
~ a. mre ME = eae Le 4 kale - 7 7 “ bs o Z ‘ g — aa “ ed * aA? we 7 @ & tA oa 
moat e “ - a ome dom Fwaee™ a wee arat ' id ws q # % y ee Sea fOr 4 ™ mae ont te pe —_ = <# 
< as _ Fosse arnt mrorr. ® »* = e~-* reste eS = s Fe wut = Pr p , a = ated ba 4 "ce i aon’ e : Coe ATO pavae- = acd sais ag —~ o 
n “ ae ae si “ a - ee m “s 7, : ° » s 2 > a * . =~ > wnege ar a atl ee at «mane *.° 
aiite paps Pooch oy ca = Pits bcfpssir pe is iad * te - . wot s . rs " ny » , = ahi! Z =o ‘ ber ae =a tomes Oe oe e ¢ EO ee la lil 8 = mata oe 
ere ere w= hot ae mg — . he —s > a . ‘ é > -- wo one s ,ooe os we ened wr net mir” eld a 
are ger eo eee ee a 4 . y otas te a 2 al . - or o Pa e - ae * aouw eo Ke ad weet x. ~~ omnee ¥¢ = - ~ - 
emawsyraee ™ am moe wee oe aa es « 0 F ass ” od a Yl id me eat gE ge a oe a ae oe all PP oath 
sey ayet Poem 0% oye mein re NV" . eu Men etree vo Petes -° tw on asic ay, PE ‘ Ps é we CO - rp o raat e® «mm at HP Me’ cade pal VOO Pn Tae . - ogre 
Ay6 tee Sere Or ae aq tec % tu” ecin GO “=e ho » a ma won . P P - 2 é braveet Pi s= ° Pee - OS al ad nae al * . ~~ ad ee eee ant pore eam 3 
We mm 60 aye - aaa Page 0 he ae oe Pate dad etal ue. oe ‘ P é A = ° “ e oe , ° Ps a phe me? Pa oh fF ’ ahi Pret sae # = = pen tee Se gis Tm ~ =< n“™ ee ae bene ™ 
—rumte ree 2 = er . Py a a A » acho e ms cbadhg oe Fernie po , ofan °* . mer & ony - OM ot oe wrap . 
ier we re ee r ages SABE ae be -_ wrtadyieden vortr® at ¢ »e s * bi i » oe : Ff we » aa af Si ata ey. af eens e2 ope * ree cd ~ “ ae peta wen * 
mucaty enue - * et om ay Cente Be nthe» ~ “ omdy s . % - = “ ge . sora? waort ger - bom ge - . et, enn OF « ays aban 5 tg ee ome 
“= eee mh et AH OE OA a ee ine ai esate tery rnt per pl . - a Low ¥ 7 ow ¥ : Peed gh eee ene eel a pe eT a orate add > om martensr wae aug ee 
on! ene Omeuer® ag Pee» oS * ‘ a 2 Fhe MAN % a ~ % A a ee = Ko Pe we aed eis ad a » pe” pod ds gpe Wah ec OF - ete. wage PCOS ot od me 
» wove fe ete enon! tem wit ‘ fin, 3 ora * - P nie P »- > ; -- ne? 2 = a we - ~ poe genes wip af Fe ne aye «wn We > owe 
te eo ots alate = vi & = a »% « wi a aowet Lost hed ° ry fash 1h re? ome ” * oi =e ap eg, Ss 0 Oo Pah Nm a at ee a ate ace 
oO " Bie WOE tv? lyk rowdy wt ve ew . « y . yi gn eae «« we de - se he Piping ee ara Te ate rT tS woe ee ~ 2 ae 
= — 2 tn en, hae WP ety ee oe A » -“ ors ¥ » Ay ’ ae oe # of ae or * *, -/ * s@ ’ oe ae ye eens J me ee meee fem é “wr oe =s 
EE aot vate Gee gy ate ratte ao eer OU SB ETS ° ew . 7 4 - - P uate e o © = . - prewe . a en Ee OP ~~ fo fre ee F FT ft ae 7 7m a antl - 
SS oye SN wuts + nee w red og VED Ue! i > , F ‘ us . Po, » hy? so eghod see" © ap cgrees® eae Swanage ane Oe on*@ 2 prac gage near” "a 9 gt ame 
Oo — ——————— = ata? wee Mares be Cute a Slate 2” ° we wv * 7 F = sso Pe a satel -< sgt oft We now at ore 0 Or Foere le a ” patie afeOrd ©? SE, tp POT ac) aliad diatees —_ a - 
—_ SSS —— ers Pee ae” _ ET Oe 7 ‘ act . “Ez - ; é J me oe we prague sage? ¢ a PPPOE OOS Se ee we apts ope Feo * 20 wee eed ** ove ecameaiagil er 
= —— 7 * ae ~ © Bog Od aaa Me SHE ve« - . wee ; gave wr te og te ” . hated APP Me ted rsgee ree aopglene FF * wn ae ae Fe ed a ~ rete are - me * 
a — <— od. Meets * edutdorute whe miomi vewle ’ i er ares . k. Lg B Pay ny ~ "men es Ph © C oe. win a ps POE ial oon meeps or * a Mae segons me aS 4 Oe Sate 
——— > al ob pee ph aay Ms Sad atater af we Elle ae “ v4 ‘ s ’ ; : ‘ * é eg oret te AF bm a ff .te Pir ole ere Pe IFT ah at eS gene OOM Suan. ce tog mane eee ate Fe PEN no - 
oO = = ~ afer Sneed > VF aval ai, Hanon & i ga a ” rt zi ° e = wows Pad oe PT ted POT aah ries art sell ad ways ~ ahs pp nnn 7 eee ris wm pagans 20 0eOn. -~ a mang ooo 
a= — Oo) am deme meedee tr. <P ns fe te eee ae Seat ui Lg z we r J ? oy P pure arte 2° api tin Pe guia O9at engl ge fo Pater geet, ath toot one * non wa gov as oe eS A a ew *¢/u" * tes on 
—— pie me etn Sat Peed oie ween = _ kg if “t v * ee . a re ae ete heehee ¢ Aware aot . » = diner t oot we ony ew ape aw ogee emg *- lip praeeroran a = OT IP 
x = . _ LO = ods aw’ aG od eowine ‘. ’ -* . pay ” ’ <i p Git a 2 é ». . J ‘ad oe wn abet ae Se “ b hel » fe iwi v ‘ a id capping © eee OS SONe ang 2 ot 0 om We, Pre ad -s 
fab] = Th nied Oe ae he ited we th me te FUME Et etiginte SAuhe Ps - pure q ei 2 ar jus Fe = ai taba they Fon? ™ ame ert tray! ” “ ge ote ae hae ES ET Tg a ore Pe a eel 
= Oo) xc eraeee Cute a= ~v ~Puif-os o Pulats o*< =. we rr) aed ae a % . Py Z * « * wae = he wee pig t= “eat a tom ci,pbd? aioe owe” gleter gw aw a TT acer my? Sgn oe Caps eng a: om Fane on oe owe 
cc — am ly eae a sai atin 0 An Fo Ti AM Pe “EE om yin “se ~ ee ‘e A vl . ‘ " ~ see , ¥ ¢ « or a re ose goaee? Pi daa ge pga ard® at pe cule we a ati - age oe soviet eae Pe rs” finite ea ES ama 
oO <—=_ —— are wrote emda vu ogee Ce FOkeGe SX 27 7 e ve wor wt pe « wt te m = P 5 A ” 7”) . 6, Yo ie Ted) a“ ey edad = am bee si giuangre mal aerte OF ead ep On COmwe er porn plata pcos ae © gpa? ae tly Og ne = 
ba a ome jean ean PN aPrPy® 1 fy Pe wre egthé efor ST) oe wh, a iebletinad 6 ay oe ‘ef stap fe = a ae a 9 = - a FS ied Phd Led denied « ‘ ~ pate 2 OR A vd ae - wen ag Sor rm ee per ue sed 4 peg carguane am F as es cap Le Oa" saat Giyeit Ow od 
= CO - ide, 1h = OOS Rare tet stedy MA reALGe NM: ONS ~ “8 ~vé ‘ veut . roe ot pron wee a ~~ fo ~ Come Or PE a od entered A gevlens amen FAT So athsstenn dae geal # am oN Se enn baratngnPavetetians ie FO" chee te ON 
o = eT be oges Fughete* yt etn Seale A. ye ote? v nm . fi te ekt Zs i, 22 — d e re a * pote * wee uve a CA ‘ teeth i™ a eT a ad ne ade ied ll oP mm ae tad a a ote tid 
Soon ~< m Seep ee tetome * eo nm & Pe eid * sa al 1s om! ne 7 : é bob ry iediples ado? Ae ore fuga Gege Fearne PT id el nell TF ok hate ah Pet one OP tell ee rae an eT ey ae =~ 
i a = © pam pent a teedian ye w* ~ hab dafin OCU UES - tots fe 9 4 s Pe Je ’ s 7 . Hoge she-amy® nn ce nee fe ge ITIL * st tr Oe MP rmsepe te ap orn mapmnete pra” ei” we ag er eer a ned nated 
= O ott: kN FE maetetn tS Ged Pate? . ty Pure? © a? ° nmadee ar é ithe we es = z od y = a of ted oll own Lent Me - treba tg ewes er Pat 6 OF" 2 seating pias tal od OSE I ey aaa a PS SY alert ap oueue a ad oe ee pT dagtagttn 
aa] CO Pee oat ee rie Org seresme sa wire Suite? ge Aah ne © ater . 74 ee sth peta < “ A - P an oem te adapt ao SO - eer Fr OO OT pte telat on fotage + Panred® cara gaat fren fresno n OOS ee ade OE eh itl 
— = =. Png. needy ba suteee dynes SE eqrcern, & 7. ow Sauter rene we ot Ae ‘ Bs # oe a P tnd OO cent Or se Nomi gosbo? Kee eae ocean ee pase eee oo FLO co pee Can OP caanen et wr Se POPE i FPO ated 
d = SS Rk nll Mabahh tied a hd exreture tetet . ee vs of Gr Now = Pr png pir pe dors wr , In, Pat's eT ae geet nae estign ag? Aah e OF , a ramen $0 ide ge hs oe potatoe cee = eel Leo Ee mre Pa 
wn ¥ ond e's sare Gufurats toe * eee ® 0 in a ie tug doth ae sd : * <. oy ie , cc ihesb a VE PINS gate te dacs nF" « w poet padeg®h oowliy= ee is Gig eS aad stele gece aera eter ee ee — 
—_ — | eae? ooh, oer” — 2, tuto Ada Fen e~ pol ' whet tn w ® ae ° —- - are aA = “{ sw oN ode owatee 4 eg BOPRS oe pea » fo gee deere OF r > ge. RAF” eds ee Se Bed oo 70 Si neo mma to® foe ot PROMS  aal ge B10 ee PIL IT to ft pope oon 
>< CO ~— 5 baba dicgi nal wi tute" Dy fu tate, Catt ty eve’ wh one . he whviey * . a rs Pay a » ab ate : ing ve awe ao wgonnpe sere 7% Pd de eee is pet shh mee” mele He Ow eager get ant & el of oe ee Ae Sip Den amgnee” 7 eT ae a prge * axtaal 
co SEV yo Matte Uh fa A abe Sata tytary® ke putalers a es ew rete teal 4 s * J bade 5 va oe - S c e eer age rane « a? Pr “ ’ ’ fg & vine 7 ot at grates we nar, oe °F Pa Fe wn Ap gaa Ps ed fae PE NT ak ee a al ae el 
CO LU peste pa nba Sete tpt Ay en “Sates re Far® a0 etsy mace Mt tees wes Rg = . Ne er ne Pe . yur f » . F dies ’ Fue? Agta 2 7 wr Re piestietet ste AF Fer Poe me pon andy s fare AOE enenee oo re ey ge eT eee pegruagie se tng” eae 
rs _I =e era Gere Int Bods Pe" r du Satter Se dn ie tytn tH Repeat 4 y sepedl é . we % Ca ¥ v= ee 5 ee pet oe = of A . ap aX vr Pert hata teow r = te 68 Gt. pe 9 a0 £2 fash oes oe Per ml pani? POLE sagt eee PR es FE Ps dell 
— PFs WAN tytn ends Mrs emnted. && oP ery ee ooo cat nto duty ir’ S ae w We t rere © “g . 2 Reps Pte > MD enp te, ihyet of eE ofa ort tof a prods cncnteee AH 9 V0 SET PO ae en tie OE Spe ge ne ptt opm pe xemeoe Deere OA Sete A 
oO ae oO Sa veo oate! ar Welury A hesdtin ini By rey oH: RI WIN tehe o af ouret 4 @ 4 . a e —- Pe Proll ont r . ~~ Dace” a when Pe ee ape png? Po ae we oan? OOF APE FS poem nes yet Goat or eT tt ap tay = PTO” 
otatgte® % Ee ne i ae Scar Se Be, EY Pegi oO # Conte Ne iney ‘e 4 . y ine reg & ey: everba pe tt Mes Pe ead Ara Diehaim © sep agares pe & hee Pe pT ae ae jen a appa F pnw nee cree I eT ne nan 
~~ N 2 so pared et oe he degiy lide tet ba OF © wiywhafof Ar ts ake wh far’ A “ nde “ “ ve os Fad ft OO Os cadet nll 2 ah RF ances BO * a0 Pe Pee Oe OE PN Sp plat ichnts EP ERET AOer caeegtng tae aay 
~ Oo [| ater cama eee te ey 2udin ye fe ye OE UES Faiatn “Very Ais J ee Portes gly wt es m Par : wee 8f At Pm & a, been = ort oh Fic at teva peer PT a fogeer arphigtrinse aan So? nar ne een on I pte oT pple 
o9) Sekar etre a pete ls ey eee S peta? te ata we Fu yn Pr wnt t ar" ~ 7 a ro ied ded Y ania La a a np pi ciao  aabgliny fog? Boh 2028 A ig areas at ee we oe on ac OO acne rotates oo aapene a enon 
=f ae) Le ouce vor Pe AP} iter eee be ot Iw 4 ye wie ag we Rerun _ re ° ye Pe r « ° > ‘ eer he o, gee Te ral ite Fe ed Phe G2 PSO TE frersrwre He # on tet er oe ore gwen seg nre agen? 50 faee Oe Ag ot, 2 A0Gm os © pT ae a teil = 
> ae Dp a ee dl yt Pe Pa We, BATS Ne nha ated fof ¥ . ‘ r ce = é on we we ase” > * ore re oO Agtg=, Mn - =e oe pee F# Lage a saplete a= oF” wate ae © ae gt, are a oe oO pcre ewes ole en carpe = ee en eid 
w OH sel Coreen a camer SP Pee, o MRE de Par, F008. “AF Ut gM Pe ee) ethan BF nee A ony e pene eye 7° ‘ é rs . © ae pea &. hd net & figt mm e's O04 epodnntn eT aha Spb dare Peete waneree go Fo eee = a Tete er peenp ager = a» aga gt aD 0 TE = 
ny SS eae Peemeite ety tay wie tate SI a i ; eh an, Med oe ee ELS * ef. wand . te . Lew uf yp ¢ FF a tard pAaprere % met eg oa meee PROT eo een fd Foo ch aot ag gE perme one aot. = goo PON 
© — 5 . a ts oh ous ¥ a ¢ re Ae =e» f ee hn? . moh ded - da a +” Pa a te Pt ets Pree et or or 9 OD AO art po Oe agte~s* . eee Pa - te OOS cate m= ett ne nS apage te ee Tn a 
c are ® my, Te 40 Fmt a H bhp Day tt Be PY VOR eaten d aS * v, ry . f err P S t : ot 4 TL stand fag odie ane at Oe mat ots torr Fe oat Pet hee Le eee ~ Ne an on Bet SEAT O ~ ofan at SOP otal ee al OT = ee as mean 
— i?) Fr Poth SPE ote WH id \: ot «* sh — pe . tee s owe r iw sf per ane . Poe piwe 0G aa? , eer oO hee Pes -oyep ea? ert ee poaware ® pepe ga geese nr OO Oo es eee pond on ep sagen Ot Foe aw 
Tae Ce eaeat Ne yw ae prea EIU adel oe ld ot # Fe tes aeths << ° * ‘ nytt wre . oe a ea BA sae aft atts sree Lapdog er I eer pdt psa em: 62 fet PE Pi ie APTI N ae omen Pal Teen em pf area”. = 
2 rgGuhs Prewtor *¥ PTY i oh sl tbe PP - Cs nme Pu fy antag # J Ph Og aah od P =. F een Pit Pan FF a mre el woe ayes Ap Se yu gi ign oUt #0 PAE PO th ial aera af fm ee Pry 1) ae ase an mrs gage an rn eng aga 
: Fee “tere deg ty Pgh ON eae Uy ATE RN NE he: A Mere gts” We ‘ ee ee ™ - way 5 J Fete DOP LF Berta PREM Den so geeee” PPT dada of FAILED pte foo tats OL wi ad oh pen guaran eae saat OO 
euteryenes By Perine = 8 nice 8109 190g Be FON A pi ad hart» Bucs Me Mahe BEV E WY OS a « ee Ae s ste - pe PT at nd vad tae OFS INS Ae ete ent PPD Pet en snare tot a nme nee omnes Y eA ae OL aera OOO pape eng eee f° 
a =o =D 8 Baty te het i eut inte yes Frater NE eh otegttin, Fahy Ie r mb ete - ws t an a for - » pe te nee wf. Pst Pr be? Papetree: £ bgt 09 tar Save? seat A Fseh rT aad fre ree FEA AEN rr pres ta be ne pp 
Py ere & - aor Pe Fs 7 eave Mel Bo utat Oude Oe nathan e ES ee ee ds a ' & ’ fr v pe s s ot dag* ng eee * . hate iat LH wee govt wt o Pipes yor pe ee Far. eT ad pa a rl tina gin Seay Poe ee ae pa a gates 0 ange 
elas athe ge eee Pe adwtate 200 Fr ighme, DF Mey Fey of pw é ivG@ur « Van F z = = cz , a? Pp as ay gd fi , Ader dae phat wb awe uw asda A far I PT ee atl SOT, ad ee ae fr oe PEL ep Ee 0 Rags nee Aan COT ange ae pe ae el 
vane Gey estes ee el Sq ta 0h Hm ee ae Ne os Ful : PZ fe Aut be % ‘ef “Pir al eae irs <a = ~s J ‘ d ied ond “ oe Opal monger por pe getas bee et eee ouem PIPL ae oo werers* * page “we eT ad ge ee te ee ena g Oe nae 
PO ee a eed oe ast ee PACE Es ee feb apt Wve foPe ® Aur 7 Bien fd fhe heg UR ae e " rer ate AS Pernt pp. dapad Le 9 LPC PrBafng af eP Hest FAAS meet vens® purse a Fes? OF SPE Pte EE eo orean se fran eee” cee er pee PoE en peomm a 
OES Aatath BO WALT Pe db ea ou ws Pint. Qaheptia tio we Vie poe fey eh : : fw ag Debates et “TP LLES g Bobiege OF FF eh er Pan 0TH. pratt fee A PX A rapege ne ese Prat toa Oa wie fo opr Ce tar Oe Toe p POL OLN cept OOO S 
tu tuted a d oe phat att Meare # ua trae na Ste: PP. wey eat OE abel © Pee = ONE pat widest? A Buse FN8 Apt ote pene é oR raga eee 
: mame AM e act. 40" tt on % -? ee ne tis gi ean he® 1% ~ peck eX Pyep Purse Fe rT odd ands Lap So PLLA SOT eet ay tpt Ae ee Sate aoe ret tag oa gorse a2 po O08 
yt etemsH."t © ‘ é r af 2 wd o of da P.. ? é a rs ead Pe ‘3 pple FS goes ae Reape sis re+ pr seyhng i rata ge me a a en 
wey we ‘”* ‘* ta 4 ye . ¢ ‘ ¥ otek - . ca wv. ah arn eS ne SSP ey FY de aa Ms geese SD arts eee noun gas care bo Mae SO rine a0 Pe On ante, eer ae poate nt ia 
Ce oT Te oe Sd es ey < ep t Het A ? rare pop Oe Pe Ea a 6 pe at. te yl tore 2 pw Air see rea’? Je tyete” & er 5 EE OT tater’ 9S A poteravenre 00 or < ie i pane OO a 
He yeh vr . ‘ a 4 . Z . a + Pye aT OE pki mene’ s * ~ Aurea seo et SEES” Con as OUP EY’ 2 fi eg eee Tren oman ase seme waresnwe ree” fin iy eeernre ee FS raereno ann 
re eegwaes . Bie } roe Pa ‘ 4 + ¥ fae pry Lt gt fg tu vhetoa a Agee 4048 ORL OF fasta pati ee eh fone frat 28 Fig VP 0 OPTS Po  noawe aed w pas Fore Siar | eatiled ‘ a 
je ermaege yl iy Camera ma” ryt ain ts , ue Vr ry aon v rr oo \ mre re pusm z power LAGOS Cl aati Big Bet ree * fe at zis* et Ce et dale eda Lem a® pert. o te Oe epee. pap GAG Ba co ota en Cpe a pga OP oe re sips pale an on Pr ema 
Te Lathemmiied ~ om we a al y fv SraGe ve - » es a ed st ar hats ve vipers oureer” tee OL pwr Sot ho a orF oN aewdatty 102 ite Cengage eee o orc gevnen genre wT STs oe ph pone POs,  ainatiies 
2 Ad & f= AAU _t Tt put P ie o & - One « by . hpwsink Ve hen § SR starts PIS ay? eof aven eee ro paid, i ar macabre, ganentigrraetnn ts age ate ONT 0 agen Pr eg 
" : teh! um tev ee Ge Fy Fe a jrgrdede ™ Py s = a. rv. Sate oe ee em ope Pi, SNe RIF eet ee poet Goat Te Fe are eae a ey Tad a ea aa ra 
“ ehighs : abot cate al AN OAS oe Pate — ; we or é r j pale 5 pe pehep Pa PP ~ 2 ewe p Ronee ae 7 ee Bete on es Rp POET Mee pa ee Pee ner weone a ee eee arenes care oes 
‘ wes oe ad ab 4 P ao* vO Sey “" yw a ‘ “y 4 CP a , a wut eres 9 9 ett ier FF ON is degen ar 4 5 Spe OS el hk oh oe TPE PT ee ne See oes ears Oe ng erreneme ; 
eu* wong SR," lhe Py eA & o Pyhat Ak Be " " - i ita Te he rd be ™ a vite? Ant Pw) 8 FP PS lag 00. at Cte ree OY ot or COTE PT eds’ tat ne cate an coc corre aS Lean lp oan © 
OF Oh ine eo enyneewte ? > Pe = cy apa NHAOA A J pate a Ne 4 cig esas seer pepe? oP Bibel ve Aves Shige eT RONG se gar ore Se pas Bets SN TDRSS soe oru ere bgt os ns a are 
, apr eWay Nye im oR . ’ 5) 7 < te r » aa » ty es Pe Pr Porat Mi wale Pict - ¢ Py ote ye M Sp ce ora hrbr hp rr ¢ pete aE agees a i i cena ae 
Urgh ahr “UA A ayie Ro oafse ’ ’ * tr, eno otp® rise ve one a ‘ she wets Ne PONE AL. ag AOS ated artery See weve \eerwr ae on ee and 
iS oy oe ses op re : 6 ee ‘ - SAAR afer i hs ce ¢ ip : > pr wee it oe ip > di-e <a “daha %en 00° ages mo a ale ie pl ee cial es Rp cece aero Me ak eae a ae 
* fall altel wef we Pie gedit &AAe¢ @ a pag tel a . ery. “ for lan a Pre A we" Pee de beta ptepsrseds > Slee =, ont ge panes BI" Sure oo tare dah te Sa0r FES Fo AS on pueannae dart oe oa eeETeNS Spee ert ne agacepree concn ee arena noe 
revi et Ma ew 3g ty teat TO MP Poth to Te <OmGe hye re -o% pu owed a dies 7 hed - > , - ¥ — p48 - Aghishen roe pig #0 5 Or * 8 ate ob vit yee sre 0 Orta nos nem Oe nant FS Palen ct one op oom ere 
MOR TE PAE OF FCTN SS REIS, Cure Tully ® Myla EM TxA ¥ ; v 8 ae Gt ; vy , ud ge Pe fh Ay pe pe as ie tte ostigrs? BOHM. ty, stiprststerrenrs yg chr renre wots, ap ereeten rie geote Feone bee eet ry get ewes se act peng te aes cae OE 
te Hp Haute ren Ue “I eet th adh teeta ye és 1 Rie» F 7 ae ‘ he dos AION ruse ee FETS oe Cede pei are fe TE ONS ve ckeerenses Roce Len hUr eS goer ar See on en cee 
A Paseevreg7ad SF a FU ee hay ae Om Me. ant Sa em Awl ae nt Aue ‘ ee OPP a ie Pe Ripa pe tcite Ce sp pov yintacee # eh JV EES ge ae aa ee 
owe . OP Ret Baty wot -, a4 “ee 2 tat = “he es ps Raed Ce ite tare eben PWR AOD Fa Ft avypen earners owe Steves pe a x saprsind eee oe ”~ Be eS 
itt Feb RP TO gears 4 SS Na ¥ pc pind ¢ agp ee oF Sy A phranse se 4: ude 5 on sp ydaP, le Teel RSees state ses ewes etsae eer pile waedeomy i at AM SSS Oe mn a oo or ance caperee ro ccerenpr ener 
ree Fig a) Mat ag GUN Tee NE we 7 « 1 Oy rel y mtd Pe ae od agp Ph ORIOL APES eRe bette ” sg AEN A ek ON Oe he A ST ads en ee ane tn ee Le ons i PS tO —_ sapere regreer ee 
gS TE Ee AUfave wt Werwe We Me ¥ pet <4 b - é oe gue CRRA KY PT ad atid state fiqtsot we swsteeers evnsture at ques, art ehe es PO ha dain rare nares (rte oF LP ee oe game tee ap a 
wen area oP. fs ween 8 stats ¢ oo AE a # 4 atbinltd tem trata ta? 7h 4A obwerta™ fa rg Rata were we nate eters La i a eee amma owas 
Perl 2's RACE Maes HIM wriye:'s ew’ ry . ay ei: ¥ +e ee Pe : uf F é be OT ant-d Ae PP LP OY prdgh dt e EY T  Milatee sl ie hid raver J9F , Pate Ho Fo tow 08 Tg ae er Rt a cee t = m 
i Pe NL oe 0 AP RELY Pay CO li we J oh ward aig Md? a! a pe gra iF Pgh pa ofan te I stews sa 1 00 eS! © a: 1g” FRESE 80“ Pein! Av oats sect eae Ea a pet ctor peetes BOS : 
* wa ate7en> © 00h WW pint ) ay ¥ wv neuer es v Gnd te pug vx ade el vert we aey Wie ae ile wee chee i eaniter eet ate yg he ingen PIN A OP PIO ca ne er are oe a enero 
mH at oO whi Hh & rary ¥ ea ert he 4 7c OOS 8S. Sa aly Fw ew ad 4 Uda S oe enemy ante a art 1 re ea eesernet WOE a AL eee poner ane nar gente 
eens P yA? - 0 Ohare we” iy ” ‘of eF CSC AIS OF , A ae the adel eet OY af gatara oentose ib para tT eng bate ten sip qerwalgeeee™ al fret Mag berye sian O10 aT4 eee gr rea arnad OOS ecg 9 faa TOTS 
"TTD mek bo) : 1 = raed Ts a 7“%% , i i Pe 4 ae acl ta St pra Ss? © wre via fee? Fe et gh F Fee va Uy lee ess ra aie eae A ap pee oan ee a beer Ee Og awe IO LE en clanr I gos sd 
A oats ie HF é Pf at A " SA ast fsrey gs TT ae Fe a ar ed ash tr “Zt ee hel eed ehh as depend Oe a dad wore eae ora 8D" 27 eee AEN Piney Po ial ntea terete bs cn oO a geen 
. . ue be A OeN we Fe ean ee rire peat AF rt GUE oi Past PtP em le tet ne Pm Weoor Fs pge i FF pee eire oresarewts chara ance ea rare gee en si 
a gmane wee tay by 4 “ - ’ ay ae Ol ‘eer OP AF npn Poe gta eT he ryit, 8 14 Ae Sa we ewe ft ngs m* eee kage une Ste ag pega DA OY aoe sewbe o¥* ¥ Sp ora nee ona ine erm a 
. "| mee btecisd- SS, ALU HUE VE OT ee ad aire FS on ROIS 5 radi he F-9 Pren Te onarl 7 AAO ’ peur siya ys be aa Pe EI IT AL wae Pay Oe irene torn It PL = age FOOT 
Ww yea £1. »» € ae Aw VET . oi ° lh Sate Pras y a oft e etre anfey wt ye TP gy Foes pnt PTTL Te bore ere beh Oe a eS 0G 0 SS Pop Rete ioe anon pm 
: een ee* - Rey eT ak eee - ‘ Tr, Lae ¥ a é fies 3% Vo Sse? «8 erglig? 710% oe WS waes og Pe ihe Ces ike B® "lap PPP ie dll a asters ga mee en 
J we gf Acari FH ISS tote ¥ es ore er ea" ® PN ad oe Pe TT head ter PPLE ALE Ae sad OETA SCONE Ff Pied deed bs Oren pa ate a VTE vee sen 0 8S Ne rer penal ‘ Nee aiemintth eae Remte F 
poe st nee Wr Pome of a y re cree sf Oe Puahng® 6 Sa Wt ve le Spa fue 9 op e1s® Fee a Sere vbw en Jamod predintsF Thane De nt rnerone eaten ts geome pera oats ~” ca 
Fees My Wie SF Ashe < eT a % . &af re 7; a 9 fo Pate Pb ot ane Pee Pesta SIF sate sty eR gente ty Rea! Ty et fot dt “as Py 2 A tall gon were * Be ea ie ne nae peers ees onegre’ 
Frame. He vrewts ne ge A ww a r ¥ a Od pe Oh eae » ante yed ere” ee hale AeLip tear Si Th pala e*e aoseaty emer rs octet toy papnste we 0 greene oT Oe ary 
- ee Fag, ew gird 3 age ts OP TD, haa ges LY A ee Weis eee SUF oer 8 gaara tga teeter erat pig we ree a eter ee in mer rns 
qi ¢ Ce aR fue orn ¥ rw * A fg Pe OPA 2 ov? yt de Pe cwgeatsra ve" ont er #0 WP" ei ak ratte epee oer [cotiaetgiitied 
i * apr * v CAS ELH IT " . yer oe a POPLAL e © sf {te Foe ih died ug et am een ee aver Tee = pat eee eet gate nen niger smrete ry na OO SO 
i. eared > 4 dade + Sah 4 £ a. ped facto petal Ss eee <i te pipes® figs wre ROR had pu eda eet ae oem ae ara SIRO oer 
; a ; f sage RETR ol c ¥, Sy ee ee OS TE to nd ob Oe re .. Lg AG PREIS Ti. re eae ed py wae Oe Ee rs 8 Se Pd te es ec rae eee ee 
Fer Mande vd veers Gee e CRW L Aen Ap ty oy E are os USE SE WT ee PE APS OINESES  Aruepreny ts py SO mig 2 Oo pre eT Tee yr : Spee obra a ee Fey gerd thd iin crccten ar gaenaree comes gate eco : se aaa ans 
ae acivetnaaty @ recy wer! EPS AE N ; empha ter PFE 4 nyou'y URS he P ers ati, be-aels s We RA Pfui ss p PY PS oud wt, 8,308 T, Paced Rigdon ad dp Sales va er gexdeg secte ee rape seat pint mnetetie wants ceva teeta oe mn GE 
Tere veutarunetcy avurss Tw SeY Ste : feta behiete = ey * a nO aN Pe N.oah of Peat AR, ‘ : cm gee L me aon ote OTS oy ‘ x Foon ty: 20 Sey i ieelrdp eSports Le gnern ts ae Sere eS og wae! orn serene Te rn 
pile ante ta tT aien Taree re! pe rei ee ‘ : ery PATMY Far od Ae Aw PET eth Tete esos Pet A. ESSE? pre VEST a pl a Ls gtk # . wat cy rp east omer® Pyoyrnee® [Ase egret Pe LPN soca ca ae LPS a OE 
Pr dae hd TEEN NEUE TUN! , I a Pa IN VIR” pole Ce oa ee ae Pr ae ate f s anrtade ees Pasialt =” o* j We Od died Fe hah daa ine Peach pte At aac rtd ss oe 
: oS ee TURN 1 1 Ret FAME MING VS RMI Ge. oA RAP TUL T OS Lote te * weer c pee TN 6 lad 9 9? eat IESE 0, HR AS SO Fa pevae eet 19 19 PLIB AR TTT Lier cotati gar? AP 
; >, gag CO LE AR, Serer PINES Y vant 2 © eit es aed ah Wet rt metre’ His” Os es, “how 3a wterysey Wes ae Saati. Yeh CLAP RY Aarts WME : PO OE a GE 
$ ‘ fuer ers ‘ FREI E OV Ath MH A Apher OR! i ¢ P Fr ie ge SOD : * Sf ey tee . : bs bade z.8. Pa Ppt Pre aga ewe Ae acre ott eres mess neces? a9 Tansee hard 4 ms 7. : 
a . A 6 eB hg. we SA prune » Tele pe ‘ sty eae ws Wn: > : ert Cet pb niet ers pays OC A IPT an vews ak got ueiad en ap “ . 
v wie Prone KRIS AF Mae a Pa aM AT, 7 es my —_—* FA Pesitee OORT 7 Te go gat: : FP < vs oY eeeeTp Re TEN ee AS, gy ete: gaa yee acyiy e864 sprue rds Ser Oe P 
ON a ne ee 4 eer uy # 2.4. AY Pe “ ¢ wer A Rariy? Sn Ss Po 1 fi ane ‘* aiaegucan torte ae her = cg re ytien Fe LOTIONS pate ee ae partied LO ten ort OO ONO nine at T ADT D 
HUN NT Ty i eT le v. AMM At ALES Saar ® e yy, Re un ga o hpepr le ME tweR VY vet (Fi Pe Co cate cree ae ra Ae ae aa 
wre, enh mm Te PW. ¥ >s- = P fuk ot eels ” bo re ’ Ra ra ete a Nea tet anh ed Biase Bricks sev ueereree MUMS, owe egrele on owe pep fl eth paper rarade IEA 
LG ee USF 3 > oy 4 vey Pn ee F ‘ 4 ‘ a wt fe ee PRR ANAK SM Rates | BEDS AOE gente Ars. add abc tenga elt ne alegre wet TO NT Fe epanen garry re panes oan PET — 
RHF Rete ye STE NN FS cad TT ' nt PT ie ier. Pt eT A eo Pina he At oes Pores Locate Met TORRY ge ee Peep ee TE oO pee rere NS ome 
aha we PR NAS a ge a ia) = 3 4 Pees Ree Fe 4 =e irae aaa achaeaiemrmtenea tae Fe apatite aad g a 
re ay SAN . Y rer n (ne Ey Liye BR FP ‘ ; y pty re md oe Ne 4 ey Ie as F Pe et ahh “pty adh hrs 8 TT BAIS Stee ere ethos 7 ae oe arrenyre + ae 
my BPO T ER WITT Prey rt ee, Few r Yow! fru ae y” Fuh Cog we ” + ‘ i gt BARI? COEF Thy ey PP See poke A LI cc et eae cea Se eee a 
4 : RATS SE al VY PVC EONS © f wowtey > Oe -< pent An Ae sooty os / Ne ey ny Rete ea BS aia pe Ue rut ot» Me st arene eect ra ance mea OE 
re 4%" Sear. ¥ eae it See's ‘ ‘ ig > Si 4 2 Ape ie 4 Kuss tet d - PK, SOP THER F GOP? PLL TE on Ret in ae lg oy ae se re BITIS sepnrranse se 5St: hw FF is iene ie nternmne eae eee 
on Pat Re : vt ie a meee re REO W a Pa ae nine Ce ad * st een TS Oe = see Tie wise evar sek Paaes votes wer ranean tds prc A ras 0 OU ae Ogmrgna = 
“AT TEER fot a. "4 dh ER Pee s ¥ 0% wt, mr i Cats Se! FULLER 8 <a stev: 38S outs ter FS Sipe Fe = se Pf einare SP eT wey a ta nitrate 
H + 4 2. 0 . rte ‘ ? kort Tee “ cepeee aes settle nets a ge ae FES peer ga oe haat nia peel gare ee eo 
SAMY r-F 5 eA rs Pee? Sem: ae “d AP AE pura’ her ania 88% AA! ng ton arte tee Pg carne one eae 4 I re Re pee oT 
? 7 e % byes SUELO gai oO AS Pe ae ald prt MF pay Ibe ION ON RAT Oe Bao epengnr Oe eeeere ®t 
° ? eye OO SE See GP MoCo VS AP ALS Nae ety TOE LE LN yee Bed Oe a wee we Geaeroruee oS wuDerer se eet OREO REIS 
x f “ge doh em eye GF FORCE a river ya wee ears ee pa heed Tap saved Saree oe deneter OL een LET CES Tap 
a SEIT rer wee Spat bt PORTE EH PT, a died Te eee a, denen ine ~Apuete eee - 
une a ine FAS PS ET dare sane eae ete 
Nea tere anc pci ig rma 
or Falla FIR o a 
Merete Batts Amer AALS 


rie eRe : 

~<a, me 4 

f a Q ee 

raed ig te Sa, ee Y ses 
ato oh an yee” pO : 
! an ay ~ ti Ul a oe . Y 
e ¥ . » s 
pea FB Ue & 7 . 
ma »' % eee. 


